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(54) Antenna device 

(57) An antenna device (1 0) of the type including an 
array antenna (16) comprised of a plurality of planar 
antenna elements (12, 14). wherein the planar antenna 
elements are arranged in a staggered pattern such that 
two adjacent ones of the antenna elements are dis* 
posed diagonally with each other. With this staggered 
arrangement, the spacing between the adjacent 
antenna element becomes larger than that in a conven- 
tional matrix arrangement, whereby the interference 
between the adjacent planar antenna elements is con- 
siderably reduced, while the antenna efficiency of the 
planar antenna elements is improved. 
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Description 

The present invention relates generally to an 
antenna device having an array antenna comprised of a 
plurarity planar antennas, and more particularly to such 
an antenna device having a high antenna efficiency. 

Japanese Patent Laid-open Publication No. HEI 8- 
97620 discloses a multiple-beam planar array antenna 
comprised of a plurality of patch antennas (planar 
antennas) arranged over one surface of a dielectric sub- 
strate, a feeder part or unit, and feeder lines connecting 
the feeder unit and the individual patches antennas. 
The patch antennas are arranged so as to form a plural- 
ity of antenna parts each of which radiates beams of dif- 
ferent tilt angles that are determined depending on the 
differences in length of the feeder lines connected to the 
individual patch antennas. The feeder lines are provided 
with a feed selecting means for selectively starting and 
stopping the feed of radio frequency er^ergy to each of 
the antenna parts. The feed selecting means is conv 
posed of a plurality of selectively switc^abie PIN diodes. 

In the disclosed antenna device, however, since the 
patch antennas (planar antennas) are arranged in the 
form of a matrix or rectangular array, the adjacent planar 
antennas tend to cause interference during transmis- 
sion and reception of electromagnetic waves, thereby 
loftfering the antenna efficiency (radiating efficiency) of 
the antenna device. 

With the foregoing drawback in view, it is an object 
of the present invention to provide an antenna device 
including an array antenna which is substantially free 
from interference and, hence, is able to provide a high 
antenna efficiency. 

According to the presertt invention, there is pro- 
vided an antenna dewce. comprising: an array antenna i 
comprised of a plurality of transmitting planar antenna 
elements and a plurality of receiving planar antenna ele- 
ments; a transmission selecting circuit for selecting at 
least one of the transrruttlng planar antenna elements: a 
transmitting arcutt for transmitting an electric signal to ^ 
the selected at least one transmH^ng planar antenna 
element via the transmission selecting circuit; a recep- 
tion selecting arcuh for selecting at least one of the 
receiving planar antenna elements; and a receiving cir- 
cuit for receiving a received electric signal from the 4 
selected at least one receiving planar antenna element 
via the reception selecting drcuit. wherein the transmit- 
ting planar antenna elements and the receiving planar 
antenr^a elements are arranged in staggered relation 
such that each of the transmitting planar antenna ele- Si 
ments and an adjacent one of the receiving planar 
'antenna elements are disposed diagonally with each 
other. 

In the staggered arrangement, two diagonally adja- 
cent planar antenna elements come close to each other. Si 
On the other hand, in a conventional matrix arrange- 
ment, two horizontally or vertically juxtaposed planar 
antenna elements come close to each other, and the 



spacing between the juxtaposed antenna eien^nts is 
smaller than the spacing between two diagonally adja- 
cent antenna elements. This means that the spacing 
(center distance) between two diagonally adjacent ones 
5 of the antenna elements arranged in a staggered pat- 
tern is larger than that of the adjacent planar antenna 
elements arranged in the conventional matrix pattern. 
With this large antenna spacing, it is possible to reduce 
the interference between the adjacent planar antenna 
ic elements and improve the antenna efficiency of the pla- 
nar antenna elements. 

In one preferred form of the present invention, the 
transmitting and receiving planar antenna elements are 
each composed of a rectangular patch antenna. 
15 Since tiie adjacent rectangular patch antennas 
(planar antenna elements] come close to each other at 
corners alone, it becomes possible to enlarge the spac- 
ing between the adjacent antenna elements and thus 
reduce the interference between the adjacent antenna 
20 elements, as compared to the case of the conventional 
matrix arrangement in which the adjacent rectangular 
patches (planar antenrta elements) come close to each 
other not only along sides but also at corners. 

The transmitting planar antenna elements may be 
25 arranged in rows, and tiie transmitting planar antenna 
elements in each transmitting antenna row are con- 
nected tn series by a single feeder line for enabling 
series feeding of the electric signal. !n this instance, the 
receiving planar antenna elements are arranged in 
30 rows, and the receiving planar antenna elements in 
each receiving antenna row are connected in series by 
a single feeder line tor enabling series feeding of the 
received signal. The patch spacing between one of the 
transmitting planar antenna elements in each transmit- 
35 ting antenrm row and an adjacent one of the receiving 
planar antenna elemerrts in each receiving antenna row 
ranges preferably from about 4% to about 8% of a free 
space wavelengtt) conresponding to a kequ&ncy of 
electric signal. 

fo By virtue of the symmetrical anangement of the 
planar antenna elements and tiie associated feeder 
tines, all of the (transmitting and receiving) antenna ele- 
ment rows have uniform characteristics. In addition, 
owing to the patch (antenna) spacing specified above, it 

5 is possible to maintain a desired high level of antenna 
integration density of the array antenna 1 6 and reduce 
reducing tiie leakage of radio frequency wave energy 
(represented by the electric signal) from one transmit- 
ting planar antenna element to an adjacent receiving 

7 planar antenr>a element, thereby increasing the 
antenna eff io'ency of the array antenna. 

It is preferable that the transmission selecting circuit 
is connected to tiie transmitting drcuit by a feeder line 
having a plurality of branched portions and includes a 

) PIN diode array comprised of a plurality of PIN diodes 
each disposed on a corresponding one of the branched 
portions of tiie feeder line. Similarly, tfie reception 
selecting circuit is preferably connected to tiie receiving 
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circuit by a feeder line having a plurality of branched 
portions and includes a PIN diode array comprised of a 
plurality of PIN diodes each disposed on a correspond- 
ing one of the branched portions of the feeder line. 

The PIN diodes, when they are turned ON and OFF 
by switching between forward bias and reverse bias, 
can be used as switches. By virtue of the symmetrically 
branched hierarchical structure of the PIN diode array, 
the PIN diodes in the array have uniform harmonic char- 
acteristics. Since each of the PIN diodes is disposed on 
a respective one of the branched portions of the feeder 
line extending from the transmitting/receiving circuit 
selected one or more transmitting/receiving antenna 
elements can be activated by switching tfie PIN diode 
on a corresponding branch portion ON and OFF. Fur- 
thermore, since the lengths of the respective feeder 
lines extending between the transmitting or receiving 
circuit and the individual transmitting or receiving planar 
antenna elements are substantially uniform, a transmit- 
ting or a received signal between the respective planar 
antenna elements and the transmitting or receiving ar- 
cuit can be transmitted or received in the same phase 
via the same number of PIN diodes. 

The above and other objects, features and advan- 
tages of the present invention will become more appar- 
ent from the following description when making 
reference to the detailed description and the accompa- 
nying sheets of drawings in which a preferred structural 
embodiment incorporating the princ^les of the present 
invention is shown by way of illustrated exannple. 

FIG. 1 is a diagrammatical perspective view show- 
ing the general construction of an arrtenna device 
according to the present invention: 
FIG. 2 is a block diagram showing the general con- 
struction of a radar system incorporating therein the 
antenna device for use on a motor vehicle; 
FIG. 3A is a circuit diagram showing a transmission 
selecting drcuit of the antenna device; 
FIG. 3 B is a circuit diagram showing a reception 
selecting drcuit of the antenna device; and 
FIG. 4 is an enlarged plan view showing the 
arrangement of rectangular patches of an array 
antenna. 
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The present invention will be described below in 
greater detail with reference to a preferred embodiment 
shown in the acconpanying sheets of drawings. 

FIG. 1 shows an antenna device 10 embodying the 
present invention. The antenna device 10 generally 
comprises an array antenna 16 comprised of a plurality 
of transmitting planar antenna elements 12 and a plural- 
ity of receiving planar antenna elements 14 that are 
arranged in a predetermined pattern (described later in 
greater detail), a transmission selecting circuit 18 for 
selecting at least one of the transmission planar 
antenna elements 12 of the array antenna 18. a trans- 
mitting ctrcuH 20 for transmitting an electric signal to the 
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selected transmitting planar antenna element 12 via the 
transmission selecting circuit 18, a reception selecting 
circuit 22 for selecting at least one of the receiving pla- 
nar antenna elements 14 of the array antenna 16, and a 
receiving circuit 24 for receiving an electric signal from 
the selected receiving arnenna element 14 via the 
reception selecting circuit 22. 

In the illustrated embodiment, the transmission 
selecting circuit 18 is so constructed as to select from 
among plural transmitting planar antenna elements 12 
of the array antenna 16. two transmitting planar antenna 
elements 12 connected together by a single feeder line 
26. Similarly, the reception selecting circuit 22 is con- 
structed so as to select from among plural receiving pla- 
nar antenna elements 14 of the array antenna 16, two 
receiving planar antenna elements 14 connected 
together by a single feeder line 26. 

The transmitting drcuit 20 includes an FM signal 
generator 28 (FIG. 2). a coupler 30 (FIG. 2), and a high- 
frequency amplifier 32. On the other hand, the receiving 
drcuit 24 includes a high-frequency amplifier 34 and a 
mixer 36 (FIG. 2). The array antenna 16 is comprised of 
a plurality of identical rectangular patches Pla - Pna. 
Pib - Pnb, Qia - Ona and Qlb - Qnb ("n" is an integral 
number larger than two). 

The transmission selecting drcuit 18 includes a plu- 
rality of PIN diodes DAI - DAn having anodes con- 
nected together. Similarly, the reception selecting arcwt 
22 includes a plurality of anode-coupled PIN diodes 
DB1 - DBn. 

The array antenna 16. the transmission selecting 
circuit 18. the transmitting drcuit 20. the reception 
selecting circuit 22 and the receiving circuit 24 are 
formed on a single board 38. The board 38 is composed 
of a first dielectric substrate 38A, a corxductive earth 
plate 386 and a second dielectric substrate 38C lami- 
nated one above another in the order named. The 
feeder lines 26. the dielectric substrate 38A and the 
earth plate 388 jointly form microstrip lines 40. The rec- 
tangular patches Pla - Pna. Pib - Pnb, Ola - Ona. Qlb 
- Onb. the dielectric substrate 38A and the earth plate 
388 jointly form rectangular patch antennas (microstrip 
antennas) as planar antenna elements. 

The planar antenna elemerrts coritaining the rec- 
tangular patches Pla - Pna. Pib - Pnb constitute the 
transmitting planar antenna elements 12. v\^ile the pla- 
nar antenna elements containing the rectangular 
patches Qia - Ona. Qlb - Onb constitute the receiving 
planar antenna elements 14. 

The transmitting planar antenna elements 12 and 
the receiving planar antenna elements 14, that are com- 
posed of the rectangular patch antennas, are arranged 
in staggered relation such that each of the transmitting 
planar antenna elements 12 and a respective adjacent 
one of the receiving planar antenna elements 14 are 
disposed diagonally with each other. With this stag- 
gered arrangement since the adjacent planar antenna 
elements 12, 14 come close to each other at comers 
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atone, the distance between the adjacent pJanar 
• antenna elements 12. 1 4 (center distance) is larger than 
that in the conventional niatrix arrangement in which 
adjacent planar antenna elements come close to one 
another at sides and corners. By virtue of the large 
center distance, the adjacent planar antenna elements 
12. 14 are unlikely to cause interference and. hence, 
have an increased antenna efficiency. 

In addition to the advantageous staggered antenna 
pattern described above, the transmitting pJanar 
antenna elements 12 are arranged in parallel rows, and 
the antenna elements 12 in each antenna row are inter- 
connected by a single feeder line 26 for enabling series 
feeding of an electric signal to the antenna elements 12. 
Similarly, the receiving planar antenna elements 14 are 
arranged in parallel rows, and the antenna elements 14 
in each antenna row are interconnected by a single 
feeder line 26 for enabling series feeding of a received 
electric signal from the antenna elements 14. 

With trie planar antenna elements 12, 14 and the 
associated feeder lines 26 thus arranged, for each 
antenna row, the radiation characteristics of the trans- 
mitting or receiving planar antenna elements 12 or 14 
can be controlled. 

The PIN diodes DAI - DAn of the transmission 
selecting circuit 18 jointly form a PIN diode array in 
which each of the PIN diode DAI - DAn is located on a 
respective one of plural branch portions in a delay cir- 
cuit 42 which forms a feeder line extending from the 
transmitting circuit 20 to the transmission selecting cir- 
cuit 18. The PIN diodes DAI * D^. when they are 
turned ON and OFF by switching between fon^vard bias 
and reverse bias, can be used as switches which func- 
tion to selectively activate two transmitting antenna ele- 
ments 12 connected to each of the branch portions of 
the feeder line. 

Similarly, the PIN diodes DB1 - DBn of the recep- 
tion selecting circuit 22 joirrtly form a PIN diode array in 
which each of the PIN diode DAI - DAn is located on a 
respective one of plural branch portions in a delay cir- 
cuit 44 which forms a feeder line extending from the 
receiving drcuK 24 to the reception selecting circuit 22. 
The PIN diodes DB1 - DBn, when they are turned ON 
and OFF by switching between fora/ard bias and reverse 
bias, can be used as switches which function to selec* 
tively activate two transmitting antenna elements 14 
connected to each of the branch portions of the feeder 
tine. 

The anay antenna 16. the transmission selecting 
circuit 18 and the reception selecting circuit 22 are 
formed in the same board 38 to form a unitary or integral 
structure, and so it is possible to increase the durability 
and reliability of these parts and to reduce the size of 
the antenna device 10. in addition, the individual planar 
antenna elements 12, 14 of the antenna array 16 are fix- 
edly mounted on the board 38 so that the relative posi- 
tion between the transmitting planar antenna elements 
12 and the receiving planar antenna elements 14 
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remains uncharge even when the board 38 is subjected 
to vibrations. This may further increase the reliability of 
the antenna device 10. It may be appreciated that the 
antenna device of this invention is particularly advanta- 
geous when used in a radar apparatus for use on an 
automobile which is subjected to severe vibrations. 

FIG. 2 shows in block diagram a vehicle-mounted 
radar apparatus 50 in which the antenna device 10 of 
the present invention is incorporated as a primary radi- 
ator. In this figure, the PIN diodes DAI - DAn, DB1 - 
DBn are shown in the form of an equivalent circuit. The 
illustrated vehicle-mounted radar apparatus is an aper- 
ture antenna and includes a secondary radiator com- 
posed of a reflector RF for changing or switching the 
direction of beams. The reflector RF may be replaced by 
a lens (not shown). 

The vehicle-mounted radar apparatus 50 is com- 
prised of a transmitter section 52. a receiver section 54. 
and a processing section 56 for controlling operation of 
the transmitter and receiver sections 52. 54 and 
processing a signal containing information about an 
obstacle (target) to provide an appropriate warning to 
the driver. The ti-ansmttter section 52 and the receiv r 
section 54 are formed by the antenna device 10 shown 
in FIG. 1. 

The transmitter section 52 is composed of a trans- 
mitting drcuit 20. a delay circuit 42, a transmission 
selecting circuit 18 including PIN diodes DAI - OAn. end 
a planar array antenna section PA including a group of 
patches P11 - Pnn. The transmitting drcurt 20 includes 
an FM signal generator 28. a coupler 30, and a high-fre- 
quency anplifier 32. 

On ^e other hand, the receiver section 54 is com- 
posed of a receiving circuit 24, a delay circuit 44, a 
reception selecting circuit 22 including PIN diodes DB1 
- DBn, and a planar array antenna section OA including 
a group of patches Q1 1 - Qnn. The receiving circuit 24 
includes a mixer 36 and a high-frequency amplifier 34. 

The transmitting circuit 20 and the delay circuit 42 
of the transmitter section 52 respectively corresporxi to 
tiie transmitting circuit 20 and the delay circuit 42 of the 
antenna device 10 shown in FIG. 1. The patch PIT of 
the.patch group corresponds to two rectangular patches 
P1a and Pib that, as shown in FIG. 1. are connected 
together by the feeder line 26. The patch Pnn conre- 
spond to two rectangular patches Pna and Pnb that as 
shown in FIG. 1. are connected together by the feeder 
line 26. 

Similarly, the receiving circuit 24 and the delay cir- 
cuit 44 of the receiver section 54 respectively cone- 
spond to the receiving circuit 24 and the delay drcurt 44 
of the antenna device 10 shown in FIG. 1. The patch 
011 corresponds to two rectangular patches Ola and 
Oib that, as shown in FIG. 1 . are connected togetfier by 
the feeder line 26. The patch Onn corresponds to two 
rectangular patches Qna and Qnb that, as shown in 
FIG. 1. are connected togetiier by the feeder fine 26. 

The FM signal generator 28 of the transmitter sec- 
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tion 52 generates an FM signal with a frequency varying 
into the shape of a sawtooth in synchronization with a 
control signal fed from a timing control circuit 58 of the 
processing section 56. In the embodiment > being 
desaibed, the frequency of the FM signal is about 60 
GHz. for example. Part of the FM signal is supplied to 
the transmitting circuit 18 through the coupler 30. high- 
frequency amplifier 32 and delay circuit 42, 

Through any of the PIN diodes DAI - DAn which 
are switched ON or OFF Ijased on the control signal fed 
from the timing control drcuit 58 of the processing sec- 
tion 56. the FM signal is radiated outwardly of a vehicle 
via a corresponding one of the patch group P1 1 - Pnn. 

The FM signal radiated from the patches is 
reflected by an external object (obstacle). The reflected 
FM signal is received by the patches 01 1 • Onn and 
then fed to one input terminal of the mixer 36 via the one 
of the PIN diodes OBI - DBn placed in the ON state 
based on the control signal fed from the timing control 
circuit 58 of the processing section 56, and through the 
delay circuit 44 and high-frequency amplifier 34. 

The other input terminal of the mixer 36 is supplied 
via the coupler 30 with part of the FM signal generated 
by the FM signal generator 28. Thus, the mixer 36 out- 
puts a beat signal of frequency increasing in corre- 
spondence with a distance to the object which caused 
the signal reflection. 

The beat signal is fed to the processing section 56. 
In the processing section 56. the beat signal is first fed 
to an A/D converter circuit 60 where it is converted into 
a digital signal. The beat signal converted into a digital 
form is resolved into a frequency spectrum in a fast Fou- 
rier transformer (FFT) circuit 62. A central processing 
unit (CPU) 64 detects information about the obstacle or 
target by analyzing the beat signal resolved into a fre- 
quency spectrum and displays the detected information 
- on the display screen of a display 58. Reference 
numeral 68 designates a memory for storing a control 
program for controlling the operation of the CPU 64 and 
other data. 

By placing any one of the PIN diodes DA1 - DAn in 
the ON state and thus selecting a corresponding one of 
the patches P11 - Pnn, it becomes possible for the pla- 
nar an'ay antenna section PA to radiate a main beam in 
a direction corresponding to their respective patches 
(respective transmitting planar antenna elements). 

Alternatively, when two or more PIN diodes DAI - 
DAn are placed into the ON state to select correspond- 
ing two or more patches P1 1 - Pnn, beams from the two 
or more sets of patches (FIG. 1) are synthesized. In this 
instance, the planar array antenna section PA radiates a 
main beam in a direction different from that of the case 
in which only one patch set is selected. This further ena- 
t)les more minute switching of main beam directions and 
improves the bearing resolutioa 

Since the transmitting planar antenna elements 12 
and the receiving planar antenna elements 14 are pro- 
vided separately, it is possible to separate the transmit- 
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ter section 52 and the receiver section 54 in an effort to 
lower the level of deterioration of the reception sensitiv- 
ity due to leakage of part of a received signal to the 
transmitter section 52. as compared to the case wherein 
each planar antenna element is used for both transmis- 
sion and reception, and signal separation is effected via 
a circulator. 

By placing any of the PIN diodes DB1 - DBn in the 
ON state to select a corresponding one of the patches 
Q1 1 - Onn. the planar anay antenna section QA is able 
to receive a reflected beam from a direction correspond- 
ing to the selected set of the patches. This enables 
more minute switching of beam receiving directions, 
which wilt insure wide reception of beams reflected by 
the obstacle or target and accurate detection of the con- 
figuration of the target. 

Furthernru)re. separate provision of the transmitting 
and receiving planar antenna elements 12, 14 is effec- 
tive to narrow the apparent beam angle. While the rela- 
tion between the direction and intensity of beam 
radiation of an antenna is generally referred to as direc- 
tivity, such directivity also refers to the relation between 
the direction and intensity of beam absorption. When a 
single planar antenna element is used for both trans- 
mission and reception, the direction of a beam (main 
beam) radiated from the antenna element coincides 
with the direction of a beam received by the antenna 
element By contrast, when the transmitting planar 
arrtenna elements 12 and receiving planar antenna el • 
ments 14 are provided separately as in the present 
invention, the directions of beams radiated by the trans- 
mitting planar antenna elements 12 (directivities of the 
transmitting planar antenna elements) are slightly dis- 
placed or offset from the directions of beams received 
by the receiving planar antenna elements 14 (directivi- 
tifrs of the receiving planar antenna elemerrts). ther^y 
enabling the detection of an object (obstacle) which lies 
within an overlapped range of those directions. As a 
result, tiie apparent width of the beams can be nar- 
rowed, and the directional or bearing resolution can also 
be improved in this respect 

FIG. 3A is a circurt diagram showing a structural 
example of tiie transmission selecting drcuit 18 which 
supplies an electric signal from the delay circuit 42 to 
the feeder line connected to one of the PIN diodes DAI 
- DA4. As shown in this figure, the delay circuit 42 is 
blanched into two parts (branched portions) each of 
which includes one PIN diode DA12, DA34 disposed 
thereon. A signal line extervding from a cathode of tiie 
PIN diode DA12 is branched into two parts (branched 
portions) each of which includes one PIN diode DAI. 
DA2 disposed hereon. Similarly, a signal line extending 
from a cathode of the PIN diode DA34 is branched into 
two parts (branched portions) each of which includes 
one PIN diode DA3. DA4 disposed thereon. 

With this symmetrically branched hierarchica) cir- 
cuit structure, the distance from the branched point of 
the delay circuit 42 to the individual feeder lines 26 is 
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made constant, and so rt becomes possibfe to a supply 
* signal from the delay circuit 42 to the respective feeder 
lines 26 in the same phase. 

FIG. 3B is a ciTCuii diagram showing a structural 
example of the reception selecting circuit 22 which sup- i 
plies an electric signal from any of the feeder lines 26 
via a corresponding one of the PIN diodes DB1 • DB4 to 
the delay circuit 44. The delay circuit 42 Is blanched into 
two parts (branched portions) each of which includes 
one PfN diode DB12. DB34 di^osed thereoa A signal i 
line extending from a cathode of the PIN diode DB12 is 
branched into two parts (branched portions) each of 
which 'includes one PIN diode DBI, DB2 disposed ther- 
eon. Similarly, a signal line extending from a cathode of 
the PIN diode DB34 is branched into two parts / 
(branched portions) each of which includes one PIN 
diode DB3. DB4 disposed thereon. 

With this symmetrically branched hierarchical dr- 
curt structure, the distance from the branched point of 
the delay drcuit 44 to the individual feeder lines 26 is 2i 
made constant, and so it becomes possible to supply 
signals from the respective feeder lines 26 to the delay 
circuit 44 in the same phase. 

The PIN diodes may be replaced by a high-speed 
switching transistor such as a HEMT (High Electron 2S 
Mobility Transistor). 

FiG.4 iliustrstss on enlarged scale the staggered 
arrangement pattern of the rectangular patches Pi a. 
Pib. Qla. Qib of the array antenna 7 of the antenna 
devic 10 shown in FIG. 1 . so 

The rectangular patches Pla. Pib. Qla. Qib are 
all have the same size and. more specifically, they are 
1 .6 mm in vertical extent or height x and 2.0 mm in hor- 
izontal extent or width y. The patch spadng z in the ver- 
tical direction between each of the rectangular patches . 35 
Pla. Plb (transmitting planar antenna elements 12) 
and an adjacent one of the rectangular patches Qla. 
Qib (recehwig planar antenna elements 14) is 0.4 mm. 
The patch ^cing w in the horizontal direction between 
each of the rectangular patches Pla, Plb (transmitting 40 
planar antenna elements 12) and an adjacent one of the 
rectangular patches Ola. Qib (receivinQ planar 
antenna elements 14) is 0.2 mm. 

As in the emlxxiiment being described, when the 
frequency of the FM signal is given by 60 GHz, the free 4S 
space wavelength X of the same FM signal should be 5 
mm. The horizontal patch ^dng w between the adja- 
cent transmitting and receiving antenna elements 12. 
14 ranges preferatrfy from abut 4% (0.2 mm) to about 
8% (0.4 mm) of the free space wavelength X. By virtue so 
of the staggered arrangement with particular spacing of 
the planar antenna elements 12. 14. a desired high level 
of antenna integration density of the array antenna 16 
can be maintained, while the leakage of radio frequency 
wave energy (represerrted by an electric signaO from 65 
one transmitting planar antenna element 12 to an adja- 
cent receiving planar antenna element 1 4 is significantly 
reduced. 



It was proved by experiments that in a dual element 
series feeding operation performed by the arrangement 
shown in FIGS. 2 and 4. and in a triple element series 
feeding operation involving the use of three antenna 
elements (not shown) connected in series, the leakage 
of radio frequency energy from each of the transmitting 
planar antenna elements to a respective adiacent 
receiving planar antenna element can be reduced by 
about 12 dB, as compared to the case where the planar 
0 antenna elements are arranged in a conventional matrix 
or rectangular array pattera 

As described above, by >^rtue of the staggered 
arrangement of the planar antenna elements, it 
becomes possit3le to reduce the interference between 
? the Bd'iaceni antenria elements and thus improve the 
antenna efficiency of the planar antenna elements. 
Accordingly, when the antenna device equipped with 
high efficiency planar antenna elements of the present 
invention is used in a vehicle-mounted radar apparatus, 
' such as shown in FK3. 2, vehicle battery power con- 
sumption can greatly be reduced. 

The antenna device 10 shown in FIG. 2 may be 
mounted on the front end. rear erKi or four corners of a 
vehicle, while the processing section 56 is placed in any 
appropriate position inside the vehicle. The receiving 
circuit 24 shown in FIG. 1 may be composed of a 
processing section 56, a high-frequency amplifier 34 
and a mixer 36, while provision of the high-frequency 
amplifier 34 is not always needed. The antenna devic 
of the present invention may also be applied to an inte- 
rior radio-LAN system. It may also be readily appreci- 
ated that the selecting circuits 18. 22. the transmitting 
drcuit 20, the receiving circuit 24. etc. may t>e combined 
or otherwise integrated to form a monolithic microwave 
integrated circuit (MMIC), tfius providing a considerable 
reduction in size of the amenna device. 

Obviously, various minor changes and modifica- 
tions of the present invention are possible in the light of 
the above teaching. It is therefore to be urxferstood that 
within the scope of the appended claims the invention 
may t>e practiced othenwise than as specifically 
described. 

An antenna device (10) of the type indudir^ an 
array antenna (16) comprised of a plurality of plariar 
antenna elements (12, 14), wherein the planar antenna 
elements are aaanged in a staggered pattern such that 
two adjacerrt ones of the antenna elements are dis- 
posed diagonally with each other. With this staggered 
arrangement, the spacing between the adjacent 
antenna element becomes larger than that in a conven- 
tional matrix arrangement, whereby tfie interference 
between the adjacent planar antenna elements is con- 
siderably reduced, while the antenna effidency of the 
planar antenna elements is improved. 

Claims 

1. An antenna devk^e. conprising: 
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an array antenna (10) comprised of a plurality 
of transmitting planar antenna elements (12) 
and a pluralrty of receiving planar antenna ele- 
ments (14); 

a transmission selecting circuit (18) for select- 
ing at least one of said transmitting planar 
antenna elements (12); 
a transmitting circuit (20) for transmitting an 
electric signal to said selected at least one 
transmittir^g planar antenna element (12) via 
said transmission selecting circuit (18); 
a reception selecting circuit (22) for selecting at 
least one of said receiving planar antenna ele- 
ments (14); and 

a receiving circuit (24) for receiving a received 
electric signal from said selected at least one 
receiving planar antenna element (14) via said 
reception selecting circuit (22). wherein 
said transmitting planar antenna elements (12) 
and said receiving planar antenna elements 
(14) are arranged in staggered relation such 
that each of said transmitting planar antenna 
eletverris (12) and an adjacent one of said 
receiving planar antenna elements (14) are dis- 
posed diagonally with each other. 
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sponding one of said branched portions of said 
feeder line (42). 

5. The antenna device according to claim 1 . wherein 
said reception selecting circuit (22) is connected to 
said receiving circuit (24) by a feeder line (44) hav- 
ing a plurality of branched portions arxj includes a 
PIN diode array comprised of a plurality of PIN 
diodes (DB1 - DBn) each disposed on a corre- 
sponding one of said branched portions of said 
feeder line (44). 



The antenna device according to claim 1 , wherein 
said transmitting and receiving planar antenna ele- 
ments (12, 14) are each composed of a rectangular 
patch anterina (Pla - Pna. Ola - Ona. Pib - Pnb. 30 
Qlb-Qnb). 



3. The antenna device according to claim 2, wherein 
said transmitting planar antenna elements (12) are 
arranged in rows, the transmitting planar amenna 3S 
elements (12) in each transmitting antenna row 
being cortnected in series by a single feeder line for 
enabling series feeding of said electric signal, 
wherein said receiving planar antenna elements 
(14) are arranged in rows, the receiving planar 40 
antenna elements (14) in each receiving antenna 
row being connected in series by a single feeder 
line for enabling series feeding of said received sig- 
nal, and wherein the patch spacing (w) between 
one of the transmitting planar antenna elements 4S 
(12) in said each transmitting antenna row and an 
adjacent one of the receiving planar antenna ele- 
ments (14) in said each receiving antenna row 
ranges from about 4% to about 8% of a free space 
wavelength (X) corresponding to a frequency of so 
said electric signal. 



4. The antenna device according to claim 1 , wherein 
said transmission selecting circuit (18) is connected 
to said transmitting circuit (20) by a feeder line (42) ss 
having a plurality of brarKhed portions and includes 
a PIN diode anay comprised of a plurality of PIN 
diodes (DAI - DAn) each disposed on a corre- 
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FIG. 2 
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FIG.3A 
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(54) Antenna device 

(S7) An antenna device (1 0) of the type including an 
array antenna (16) comprised of a plurality of planar 
antenna elements (12, 14), wherein the planar antenna 
elements are arranged in a staggered pattern such that 
two adjacent ones of the antenna elements are dis- 
posed diagonally with each other. With this staggered 
arrangement the spacing between the adjacent 
antenna element becomes larger than that in a conven- 
tional matrix arrangement whereby the Interference 
between the adjacent planar antenna elements is con- 
siderably reduced, while the antenria efficiency of the 
planar antenna elements is improved. 
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